Incoherency of high-frequency seismic waves leads to the idea to analyze seismogra,m envelopes disregarding phase information for the source study.
Introduction
Study on generation and propagation of highfrequency seismic waves (above I Hz) is indispensable not only to clarify the earthquake source process but also to quantitatively predict strong ground motions. For relatively lower frequencies, conventional waveform inversions [e.g., Harze!l and Heaton, 1983; Fukuyama and Irikura, 1986] have been successfully applied for estimating the spatial distribution of fault slip. However, it is difficult to simply apply these schemes to highfrequency waves due to our poor knowledge of smallscale heterogeneities in the Earth medium and the difficulty in waveform fitting of observed seismograms that are abundant in incoherent wave trains.
To avoid these difficulties, a few studies attempted to use seismogram envelopes for revealing earthquake source process at high fi'equencies. Gusev and Parlor [1991] deconvolved mean square (MS) envelopes of far-field P-wave velocity seismograms of the 1978 off scattering media [e.g., Chandrasekhar, 1960; Wu, 1985] . Using scattering characteristics of the media in each octave-width frequency band, we synthesize the envelope Green function for the whole S-wave seismogram including coda energy by following $ato et al. [1997] , which succeeded in introducing the four-lobe radiation pattern from a point shem' dislocation source as an extension of the conventional radiative transfer theory [e.g., Zeng et al., 1991; $ato, 1995] .
Then we apply a new inversion method to the 1994 far east off Sanriku, northeastern Japan, earthquake (Mw 7.7; hereafter referred to as the off Sanriku earthquake) as a case study. This earthquake occurred on December 28, 1994, and ruptured a 90-km-width segment of the plate boundary between the subducting Pacific plate and the landwm'd one. Analyzing highfi'equency seismogrmn envelopes, which were recorded by many strong-motion seismometers distributed in the northeastern Japan (Figures I and 2) , we estimate the spatial distribution of high-fi'equency energy radiation from this earthquake fault.
Method

Green Function for Envelope
First, we briefly summmize the energy propagation process in three-dimensional (3-D) scattering media after $ato et al. [1997] . We assume that point-like iso- VVe present an inversion method to estimate the spatial distribution of energy radiation from the earthquake fault and site amplification factors by using the envelope Green function presented in section 2.1. We assume that a rupture starting fi'om the hypocenter propagates with a construct rupture velocity of Vr on the main fault, which is divided into several subfaults. VVhen a rupture front passes through the kth subfault, the source energy W/• is radiated from a point shear dislocation source on this subfault with a time history of fk(t). 
where Oij is the observed energy density. We normalize both the observed envelopes and the synthetic ones by 
Analysis of the Off Sanriku Earthquake
The off Sanriku earthquake occurred on December We assume that the rupture proceeded from the initial rupture point at the east end with a constant rupture velocity V•.
Calculation of Envelope Green Function
We need the values of S-wave velocity V, total scattering coefficient go, and intrinsic absorption Q•-i for our study region to calculate synthetic envelopes. Constant S-wave velocity V is estimated to be 3.9 km/s from the observed S-wave travel times of aftershocks. and it also validates the neglect of $ wave to surface wave conversion in our theoretical modeling.
Results of Inversion
We solve equation (10) Hz. However, the resolution of At is not high enough to definitely distinguish 6 s from 9 s, so that we adopt 
High-Frequency Source Energy Radiation
Our inversion result shows that high-frequency energy is mainly radiated from the western half of the fault (Figure 10a ). This is consitent with the result of travel time analysis that a high-fi'equency subevent was identified at the northwestern edge of the fault . On the other hm•d, Nishimura et al. [1996] and Nakayama and Takeo [1997] reported that larger slip was concentrated near the center of the fault (Figure 10b) For the high-frequency range above I Hz, conventional waveform inversion is difficult to apply, since we have little information for sinall-scale heterogeneities in the Earth medium. The new inversion method we developed will provide a new tool for revealing the spatial and temporal characteristics of high-frequency radiation from an earthquake fault.
